Here we report the synthesis of a bulk oxide diluted magnetic semiconductor (DMS) system La 1−x Sr x Cu 0.925 Mn 0.075 SO (x = 0, 0.025, 0.05, 0.075 and 0.1). As a wide band gap p-type oxide semiconductor, LaCuSO satisfies all the conditions forecasted theoretically to be a room temperature DMS. The Curie temperature (T C ) is around 200 K as x ≥ 0.05, which is among the highest T C record of known bulk DMS materials up to now. The system provides a rare example of oxide DMS system with p-type conduction, which is important for formation of high temperature spintronic devices.
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The discovery of ferromagnetism in Mn-doped GaAs has drawn researchers to the field of Diluted Magnetic Semiconductor (DMS), which makes it possible to examine tremendous phenomena such as quantum Hall effects, semiconductor lasers and single-electron charging, and could bring about numerous applications in sensors and memories as well as computing with electron spins. [1] [2] [3] [4] [5] However, the most applications are restricted by the low ferromagnetic transition temperature of III-V semiconductor based DMS. 6 Followed by the observation of ferromagnetism in dilutely cobalt doped TiO 2 , 7 much attention was paid to oxide DMS systems, and room-temperature ferromagnetism was realized in oxide DMS systems, [8] [9] [10] [11] though the field has not yet reached the same level of maturity and clarity about the attendant phenomena as the III-V semiconductor based DMS. Owing to a limited number of p-type oxide systems are available and the difficulties encountered in converting natural n-type oxides such as ZnO to p-type conduction by doping, there have been only a limited number of studies on p-type oxide DMS systems. 10, 11 More work on p-type materials should be interesting, and p-type wide band gap oxide DMS systems are important for formation of spintronics devices.
Due to the limitation of the chemical solubility of Mn, most of the DMS systems are chemically metastable, and available only as thin films. Accordingly, the quality of the thin film material depends sensitively on the preparation methods and heat treatments. 12 Only the bulk crystalline specimens make it possible to perform muon spin relaxation (µSR), nuclear magnetic resonance (NMR) and even neutron scattering. Therefore the bulk DMS materials are highly required to obtain more reliable results. 13 Recently, a Mn doped pnictide Li(Zn,Mn)As was reported to be a bulk DMS material with a Curie temperature (T C ) of about 50 K. 14 Layer-structured pnicitides thus become a promising avenue for exploring bulk DMS materials. First, the La ingot was grounded to powder by hand. The powders of these materials were weighted according to the stoichiometric ratio, and then thoroughly mixed in an agate mortar. The mixtures were pressed into pellets under a typical pressure of 2000 kg cm −2 .
All these processes were operated in a glove box filled with high-purity argon. The pellets were put into crucibles and sealed in evacuated quartz tubes, then heated up with a ramping rate of 0.5 K/min to 1223 K and kept at that temperature for 2000 min, and finally furnace cooled to room temperature.
Powder x-ray diffraction (XRD) was performed at room temperature using a PANalytical x-ray diffractometer (Model EMPYREAN) with a monochromatic CuK α1 radiation. The XRD diffractometer system was calibrated using standard Si powders. The detailed structural parameters were obtained by Rietveld refinement using step-scan (4 s/step) data. The dc magnetization measurement was carried out on a Quantum Design magnetic property measurement system (MPMS-5) employing both zero-field-cooling (ZFC) and field-cooling (FC) protocols. For the measurement of isothermal magnetization, the magnetic field was applied in a field sweep mode. The thermopower was measured by a steady-state technique. with tetragonal ZrCuSiAs-type structure, except a few minor peaks assigned as impurity phases, which indicates that the samples are mostly composed of single phases (more than 99%). For x = 0.1, a trace of (La,Sr)MnO 3 can be detected (indicated by † in Fig.1(a) ).
More information on the solubility of Mn in LaCuSO can be found in the supplementary material. 30 The lattice parameters of the samples were obtained by Rietveld refinement, as shown in the inset of Fig. 1(a) , both the c-axis and a-axis expand slightly with increasing It is expected that the solubility of Sr and Mn can be raised to a higher level with epitaxy and/or nanotechnology, and a room temperature DMS may be realized in thin films and/or nanomaterials. Our discovery makes the formation of high temperature spintronics p-n junction devices possible.
